Carotid duplex scanning is being used more frequently as the sole preoperative diagnostic imaging modality for patients considered candidates for carotid endarterectomy. The North American Symptomatic Carotid Endarterectomy Trial (NASCET) has demonstrated the benefit of surgical treatment in patients with carotid stenoses exceeding 70%. The purpose of this study was to determine duplex criteria that accurately predict carotid stenoses exceeding 50% and 70% as defined by NASCET arteriographic criteria. One hundred forty-one patients (264 carotid arteries) considered surgical candidates were prospectively studied over a 2-year period by use of both duplex scanning and digital subtraction cerebral arteriography. Carotid artery stenosis was determined by a single radiologist using NASCET arteriographic criteria. Peak systolic velocity (PSV) (CCA) arteries by use of duplex scanning. ICA/CCA velocity ratios were calculated for PSV and EDV. Sensitivity, specificity, positive and negative predictive values, and accuracy were calculated. PSVICA/CCA provided the highest sensitivity, and EDVICA the highest specificity in this study. Arteriographic stenoses exceeding 50% and 70% were reliably predicted with use of these duplex criteria. It is concluded that duplex criteria can predict carotid stenoses exceeding 50% and 70% as defined by NASCET arteriographic criteria. These criteria should be independently validated by other vascular laboratories.
Introduction
The collaborators of the North American Symptomatic Carotid Endarterectomy Trial (NASCET) recently published results of a randomized multicenter clinical trial of carotid endarterectomy in patients with symptomatic moderate carotid stenoses of 50-69%.1 A small, but statistically significant, benefit was found for endarterectomy in this group when compared to medical therapy. Also, durable benefits were noted in surgically treated patients with stenoses exceeding 70% at 8 years' follow-up.
Duplex scanning is the most commonly used noninvasive diagnostic imaging modality for evaluation of carotid artery stenosis. Additionally, duplex scanning is being used more frequently as the sole preoperative diagnostic imaging modality before carotid endarterectomy. Commonly used traditional duplex criteria, developed by comparison studies with arteriography, report the carotid bifurcation as normal, 1-15% stenosis, 16-49% stenosis, 50-79% stenosis, 80-99% stenosis, and occluded.2 These categories are not appropriate for the evaluation of stenoses exceeding 50% and 70%.
Recent North American randomized multicenter trials evaluating carotid endarterectomy include, in addition to NASCET, the Asymptomatic Carotid Atherosclerosis Study (ACAS) and the Veterans Affairs (VA) Cooperative Trial.1'3'4 These trials measured carotid stenosis by using an arteriographic method comparing the point of maximal stenosis with the distal disease-free internal carotid artery. This arteriographic method differs from those used to establish traditional duplex criteria. The arteriographic techniques used to establish traditional duplex criteria do not provide results equivalent to the methods used in the randomized trials. 5 The purpose of this study was to prospectively develop duplex criteria to reliably predict carotid stenoses exceeding 50% and 70% as defined by the arteriographic method used in NASCET. Figure 1 . Accuracy (87%) was highest at EDVICA greater than 40 cm/sec. Sensitivity (84%) and specificity (88%) were also high at this point; however, PPV (80%) was somewhat lower. Using EDVICA greater than 60 cm/sec decreased sensitivity (77%), but accuracy (84%) remained high and PPV (90%) was much higher. Further increases in EDVICA increased specificity and PPV; however, sensitivity decreased rapidly.
Methods
Results from using PSVICA to predict 50% or greater arteriographic stenosis are shown in Figure 2 . Accuracy (86%) was highest at PSVICA greater than 190 cm/sec. With this PSVICA, specificity (91%) and PPV (90%) were also high, while sensitivity (82%) and NPV (84%) were somewhat lower. Using PSVICA greater than 140 cm/sec increased sensitivity (90%) and NPV (89%) with a corresponding decrease in specificity (79%), PPV (80%), and accuracy (84%). 
Results from using EDVICA/ccA to predict 50% or greater arteriographic stenosis are shown in Figure 3 . A ratio greater than 3.6 provided the highest accuracy (85%). Specificity (91%) and PPV (89%) were also high; however, sensitivity (79%) was lower. A ratio greater than 2.8 increased sensitivity (83%) with associated decreases in specificity (83%) and PPV (83%).
Results from using PSVICA/CCA to predict 50% or greater arteriographic stenosis are shown in Figure 4 . A ratio greater than 1.8 provided high sensitivity (89%) and NPV (88% and NPV (89%) were also high; however, sensitivity (71%) and PPV (80%) were lower. Using EDVICA greater than 150 cm/sec increased specificity (98%) and PPV (92%) with an accompanying fall in sensitivity (47%) and NPV (83%).
Results from using PSVICA to predict a 70% or greater arteriographic stenosis are shown in Figure 6 . Accuracy (85%) was highest with a PSVICA greater than 230 cm/sec. Sensitivity (93%) and NPV (97%) were high; however, specificity (82%) and PPV (67%) were considerably lower. Increasing PSVICA lowered sensitivity without large increases in PPV.
Results from using EDVICA/cCA to predict a 70% or greater arteriographic stenosis are shown in Figure 7 . At EDVIcA/cCA greater than 4.5, sensitivity (97%) and NPV (98%) were high. Specificity (83%) and accuracy (86%) were lower, and EDVICA/CCA PPV (69%) was considerably lower. Increasing EDVICA/CCA to 5.5 improved PPV (77%), specificity (90%) and accuracy (89%). Sensitivity (88%) was decreased more than NPV (95%).
Results from using PSVICA/CCA to predict a 70% or greater arteriographic stenosis are shown in Figure 8 . Accuracy (87%) was highest with a PSVICA/CCA greater than 3.6. This point also gave high sensitivity (92%) and NPV (96% 
Discussion
The most recent report from the NASCET collaborators verifies the benefits of surgical treatment in patients with symptomatic carotid stenosis ex- A useful technique to determine duplex criteria is to plot sensitivity, specificity, PPV, NPV, and accuracy for each duplex criterion. PSVICA, EDVICA, PSVICA/CCA, and EDVcAcCCA have all been evaluated in this manner. The choice of specific criteria is not straightforward. As one moves along the curves it is clear that a higher PPV can be obtained only with the cost of a lower sensitivity and NPV. Similarly, criteria lose specificity as sensitivity increases. Individual vascular laboratory goals and individual clinical circumstances should be considered in choosing duplex criteria. Sensitivity is obviously important if a test is used for general screening where the goal is to find all significant lesions and thus not fail to offer treatment proven to reduce stroke risk. If the goal is to use duplex scanning as the sole preoperative di-agnostic modality, then criteria providing a high PPV are desirable to avoid operating on patients with lesions not shown to benefit from surgical treatment in randomized trials. 5 In this study, the most useful criteria to predict carotid stenoses exceeding 50% and 70%
were EDVICA and PSVICA/CCA. Two optimal criteria to predict a 50% or greater stenosis are shown in Table I . If EDVICA greater than 60 cm/sec was used, specificity (91%) and PPV (89%) were both high. This criterion would be appropriate if duplex scanning was used as the sole preoperative imaging. Unfortunately, sensitivity (77%) was lower with this cut point. A much higher sensitivity (89%) can be obtained by use of PSVICA/CCA greater than 1.8. Clearly, PSVICA/CCA is a superior choice for the application of duplex scanning to screening because approximately 90% of all patients with a stenosis of 50% or greater would be identified for further evaluation or treatment through use of this criterion. When both criteria were applied, 99 of 134 carotid stenoses were correctly identified. The PPV (91%) for this group of arteries was high, thus permitting consideration for surgery without additional diagnostic testing. Twenty-one additional arteries meeting only the criterion of PSVICA/CCA greater than 1.8 could be evaluated further with another diagnostic modality such as magnetic resonance imaging or arteriography. Overall, of the 134 arteries in this study with a 50% or greater stenosis, 120 (90%) were correctly identified for treatment or further diagnostic evaluation. If carotid endarterectomy was deemed appropriate, then 83% of these arteries could potentially be treated without arteriography. Similarly, Table II shows two optimal criteria to predict a 70% or greater stenosis. Again, EDVICA proved to be most useful as a potential sole preoperative imaging criterion. When EDVICA was greater than 150 cm/sec, the PPV (92%) was high, resulting in a low false-positive rate. Specificity (98%) and accuracy (84%) were also high at this cut point; however, sensitivity (47%) was much lower. Unfortunately, the slope of the sensitivity curve is steep ( Figure 5) 
